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Title : ImprQvetiXBnta in or ^e ^at^l ff to skin dr65&iilfi$ " • 

Field Of the Invention 

This invention relates to skm diessings for application to a part of a human or animal body 
far treatment of skin, and relates parcicuiarly (but wt exclusively) tci wound dressings for 
treatment of compromised skin, particularly skin lesions^ i.c any interruption in the 
surface of the skin» whether caused by injury or disease^ iticluding skia ulcers^ burm, cuts, 
punctureS;, lacerations^ blunt traumas^ acne le^ions» boils eto. 

Background lo the Invention 

WO 05/OSOSOO discloses a skin dressing comprmng oxidtoreductase $m,ym^ e.g. glucose 
oxidase, in a hydrafced hydrogel, e.g. of faydrophilic polymer material^ with one preferred 
polymer being poly 2-aCTylaimdo-2-mjBthylprqpane sulphoiuc acid (poIy-AMPS) or sate 
thereof (e.g. as described in WO 01/&6422). The dressing m^y incliCKie a source of 



substrate for the oxidoreductase enzyme. p-D glucose in die case of glucose oxidase. For 
example* Figure 6 of WO 05/090800 discloses a skin dressing comprising a lower* skin- 
contacting layer including 20% by weight sodium poly-AMPS and 20% by weight glucose 
(substrate), and an upper layer in the form of a film of polyvinyl alcohol (PVA) 
iftcorporaihig glucose oxidase (enzyme). 

The dressings of WO O3/O90S0O are used by being located on the skin of a human Or 
aniiual^ e.g^ over a wound or on a region of skin to be treated for cosmetic or tfae^apienuLtio 
purposes, e.g. for treatment of acne or other sMn conditions. The oxidoreductase enzyme 
catalyses a reaction of an appropriate substrate wtfh o;jygen to produce hydrogea peroxide 
in a controlled manner in the dressing. The hydrogen peroxide diffuses through the 
dressing to the dressing/skin interfiice, where it beneflcital effects, e,g. being converted 
to oxygen by the enzyme cataiase which h natiirally present in wounds. Oxygen produced 
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in this location inhibits anaerobic b;acteria and supports the essential metabolism of c&Us 
engajged in the h^ing pf ooess, 

We MVQ now found that th^ profile of oxygen concentf ation within the space under the 
dressing (equivalent to the wound bed) follows a predictable profile, starting with a pedoa 
of oxygen depletion, caused by the fresMy placed dresstog blocking the supply of 
atmosphetio oxygen. This is followed by a su&t^ned rise in oxygen, as the dtessuig starts 
to transmit oxygen via the difftision of hydrogen peroxide, generated ia-situ. 
Subsequently), the o^cygen level reaches a plateau at saturation, and in iJie longer term 
(depending On the stage of the wound), gradually declines. 

We have also found, surprisingly, that the time course of this profile varies greatly itk 
proportion to tfte eoneentration of polymer within the gel, evean though all other (active) 
ingredients rem;»in the same (otiher than water, of course). Tlie discovery of this effect 
now allows us to design dressings in which we can control the oxygen delivery profile to 
match the needs of a wound bed. 

In particular* we have found that it is beneficial to use a hydrated hydrogel with a higher 
concentration of polymer material and a lower concentration of water than those 
speciiacally disclosed in WO 03/090800 for the en2iym&-contauiing gel at least, and 
preferably also for a separate substrate-containing geL 

Summary of the Invention 

The preisc^t invention thus provides a skin dressing compdsing oxidorednctase: en:5syme in 
hydrated condition in a hydrated hydrogel of hydrophilic polyjner material, wherein 
hydrogel comprises at least 25% by weight of the polymer material. 

The dressing preferably comprises a sepajraie, second, hydrated hydrogel of hydrophilic 
polymer material containing a source of substrate for the oxidgreductase enzyme, the 
hydrogel comprising at least 25 % hy weight of the polymer material. 
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TitK^ ot edc:ii liydbrog^i prc^ferably comprises at kast 30% by wi^ight of thi& polymer 
material and may comprise Mgher amounts^ e.g. at least 40% by weight of the polymer 

The polymer raateriaL preferably Comprises poly-AMPS or salts hereof. 

The dressing preferably co£):^i:jses a lower, skin-coAtactMg layer incluiimg substrate aud 
aa upper layer including enzyme. 

P^icui^ly gQod results have been obtained with an «aizyme-contaji»qg hydrogel 
comprisiiig; 15% by weight sodimn poly-AMPS and 15% by weight ammonium poly- 
AMFS^ and a substrate-containing bydrogid oomprisizie 30% by weight sodium poty- 
AMPS. 

The dressing may otherwise be generally as disclosed in WO 03/090800 for most dressings 
of this type. 

The currently preferred enzyme is glucose oxidase^ with the corresponding substrata being 
^ucose» Glucose is conveniently present in lower concentration than envisaged io WO 
03/090800, e.g. constituting 5% by weight of the associated hydrogel: it has been fotmd 
that greater amounts are superfluous and unnecessary. 

A cuixently preferred dressing in accordance with the invention tihus comprises a lower* 
skin^-eontacting layer comprising a hydrated hydrogel comprising 30% by weight sodium 
poly-AMFS and 5% by weight glucose, atid an upper layer conQ^rising a hydrdtcd 
hydrogel comprising 15% by weight sodium poly-AMPS* 15% by weight ammonium poly- 

AMPS» and glucose oxidase. 

Using hydrogels with a higher concentration of polymer material is found to affect the rate 
of internial hydrogen peroxide production and hence the oxygen conc^tration profile 
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beneath flie dressing in use m a manner beneficial to wound healing- In particular it results 
in initial period of hyj^oxia (absence of Oxygen) after location of the dressing Oa a 
suri^ce that, surprisingly » is beneficial r We believe that, in general, there can be a need to 
' hav£s a period of hypo:^X during which time cell$ are stimulatod to produce a cytokine 
' called "hypoxia indnceid factor" (HIF). Thi^ triggers a cascade of cell sigaaliing and 
bioeheanical responses that combine to bring about Oie process of neovaseolarisation, Le. 
the fomiation of new blood vessels, central to the healinig process. HIF production is 
considered to be crncial to the whole healing process^ and our investigations have shown 
that a suitably prolonged period of hypoxia is benefLcial. 

The initial period of hypojcia ia followed by a phase of oxygen generation at the interface 
between wound and dressings resulting in an oxygen surge, until a saturated oxygen 
concenttation is readhed and maintained for a period of time. This is beneficial for wound 
healing. In partiealar^ it is understood that wounds benefit by expi^rieacing a p&riod (or 
periods) of high oxygen concentration, to accelerate cell metabolism, provide white blood 
cells with high oxygen levels through which to enhance their antimicrobial bioch^iusfry 
(respiratory burst) and to inhibit or dominate pathogenic anaerobic bacteria. 

Finally^ it is also clear that a saturated oxygen concentration should not be maintainod 
indefinitely, so any system of oxygenation should provide a longer term steady state (over 
days) of rdatively low oxygen supply, or otherwise be readily confrollatile. This is 
inevitably achieved with a dressing in accordance with the invention^ either by its tendency 

to suppress itself while in a dry state* or by its steady swelling (and dilution) on contact 

with an exuding wound, or through the simple process of being deliberately Changed by the 
user at appropriate times, tn this latter case, llie patient or carer Can control oxygen 
ddlivery to the wound by utilising the predictable delivery profile of the dressing to 
interv€9ie at defined time points, so as to tailor an oxygen delivery profile according to a 
treatmient plan. This exploits the single-iftse, disposable nature of the dressing of thiis 
invention. 

The present invention is based on the following obsetvations and conclusions: 
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« The concentration of th6 pdlym&r^ pDly-AMPS» had a considerabk effect on the 
rate of chaDises bk oxygen coxicentratiOA beneath fh& dressing, tinis permitting dressings 
to be designed to deliver different oxygen profiles, according to the needs of different 
- wounds. 

» The duration of the initial period of Iiypo:?da following the application. Of the dre^^aing 
increases with increaaiaig concentration of polymer* e.g. poIy^-AMPS, in the dressings 

« The rate of subsequent increase in oxygen concentration beneath the dressing is 
indirectly proportional to the polymer, e.g. poly-AMPS, concentration. The time 
required to adiieve complete oisygenation (i.e. dissolved oxygen concentration 
equivalent to a solution equilibrated with piu*e gaseous oxyge^O beneaih tixe dressing is 
thus longer when using a high o(»icentrated poly-AMFS dressing than when using 
loivex concentration poly-AMFS dressuigs. 

The overall conclnsion is that there is in genial considerable benefit in using a dressing 
iziicoiporating one or more hydxogels comprising about 30% by weight poly-AMPS or salts 
thereof as the initial period of l^poxia in use of the dressings is e;};.tended to a highly 
advantageous degree. 

Further beneficial effects of use of higher polymer, lower water content hydrogds are that 
the gels are more robust and easier to handle, and also retain structatal ituegri^ over thxne 

and so are less likely to leave debris at a wound site afber use. The hydrogels also have 
higher water absoxption propettles. 

The invention will be further described, by way of illustrations^ in the following examples 
and with reference to the accompanying drawings in which; 

Figure 1 is a graph of % of dissolved oxygen concentration with respect to air 
saturated solution at 2S*^C versus time (in minntes}^ showing the. rate of oxy]^natiDn of a 
hydrogel/sensor interface as a function of poIy-AMPS concentration. 
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EXAMPLES 
Example 1 

Experiments were carried out muxg th^ foUcrwii^g materials: 

Solium AMPS - Lubrizol, code 2405 

Glucose - Fisher - analytical grades code G03CK)51 

Potassium iodide - Fisher - analytical grad&> code P584050 

I«hydroxy cycle hexyl phenyl ketone (99%) - Aldrich - 40^561-2 (this substance is 

referred to as 'photoiniti^or*) 

Ebecryl 1 1 <PEG 400 diactylate) - UCB Chemicals (this substance is refbrred to as 
•cross-linker*) 

Glucose Oxidase - Biocatalysts - G638P (abow 70kU/gf am powder) 
Zinc L-lactate, hydrate - Aldrich 

Gel PreparaH^n. 

The components were mi^ed in the combltiatioiis and quantities set out in Tahle 
following the basic procedure set out belovir. 

Stock solutions (as supplied by the manufactiirer) of sodium AMPS were dispensed into a 
250 ml poljrpropylene* screw-top reaction, jar as the basis of the pre-gel fluid. Glucose 
oxidase (in the case of the top gel) and glucose, potassium iodide and siiic L-laccate (in the 
case of the lower or base gel) were added to the mixture and allowed to dis$olve 
completely. In a separate vessel the phctoinltiator powder was dispersed in tfie litinid 
cross-linker and the mixture was wanned gently to dissolve the photoimtiator Into the 
cross-linker. This solution was then mixed into the pre-gel fluid. To cast the gels^ tjie 
complete pre-gel fluid was poured into a flat bottomed tray, to a depth of 1-2 mm. The 
gels were set by UV irradiation from a 1 kW lamp, at a vertical distance of 15 cm, foi: 25 
seconds. The gels were allowed to cool before use. 



30-jm-2004 135 00 FROM KEITH UJ NRSH & CO TO PO NEWPORT FRX P. 17 

7 



Table 1« 



Composition of hy drogels used in the study. 



Component 



Concentration of the ConGeatratioii in the fibial 
stock solution (w/w) gel (w/w) 



Components used in the tij^p (enzyme) gels 
NaAMPS 

* Pbotomitiator 

Glucose oxidase 
Water 

Components used in the base gel 

NaAMPS 
Glucose 

Potasrsium iodide 
Zinc L-lactate 



30% aq 
undiluti^ 
undiluted 

solid powdor 



50% aq 
solid powder 
10% aq 



20% or 30% or 40% 
0.20% 

0,01% 
90}xg/g 

to total weight . 



205Sor30%or40% 
20% 
0-05% 
0-1% 



AcHve oj^genation motdt&rtng 

A chTonoamperometric technique using specially uKidified scarecn-ptinted sen&ojrft was 
adopted to monitor the concentration of dissolved oxygon. Sensors were printed on an 
alumina substrate. Carbon paste (ED50D0 firom Blectra Ltd, UK) was used to print the 
working electrode, the counter electrode and the connector tr^tcik^; Ag-AgCl pdSt€^ was 
used to print the jrefeorence electrode. The worJc;ing area of the sensors was covered tightly 
with a 0.003'* (0.013 mm) Teflon (Teflon is a Trade Mark) layer (Pluorocarbon) wftli the 
imier electrolyte (sodium phosphate, pH 6^ 0.1 M; containing KCI,. O^IM) entrapped 
between the sensor surface and the Teflon layer. 



The principle of the technique was identical to thai of the oonimerciaUy available 'Clark 
oxygen sensors*. Dissolved oxygen diffuses through the Teflon layer ituro tbe «tl&ctrode 
electrolyte where it is reduced at a wOrldng electrode poised at -550 mV vs, the Ag-AgCl 
reference electrode. The resulting cathodic current is proportional to concentration of 
dissolved oxygen* 
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Active oxygeitatioiL wa$ )iAoiiicored at tibie IiydrogeI/$ensor jnter&ce. Tbis was to mimic the 
processes occurring in vivo at the wound/dr&ssing iater&ce. A piece (approxixnately 2.5 x 
2.5 cm) of 13m base gel layer was placed onto tho surface of tto sensor, 20 of electrode 
buffer coxxtainitig catalase (100 inL"^) was placed between the $ensor and the base layer. 
The system was activated by pladng a piece (approximately 1-5 X 1.5 cm) of the enzyme 
gel layer Oxito the base layer arul dissolved oxygea concexttrations weare monitored baneath 
the base layer (i.e. at the hydtogel/scnsor inter fece), 

Restflts and Dkcus^ion 

Three stages of oxygen coiAcentration profile were observed at the sen^or/hydxogel 
imer&ce foUowjng application of the freshly activated hydxogel dressing onto the sensoXr 
The &ystem was activated at time O by bringing the two hydrogd layers together. 
Saturation of the electrochemical response in the region 250-300% on the y-a:ds 
corresponds to reaching the maximum oxygen solubUity, This is in accord both with 
calibration data and wifii visudi evidence: gas started evolving at the gel/sensor interface 
when the oxygenation values stabilised at the 250-300% raark on the y-axis. The poly- 
AMPS concentrations stated tefer to both the base layer and the top layer. Glucose 
conGcntration in the base layer was 20% w/w and glucose oxidase concentration in the 
enzyme layer was 90 jxg per gram of gel. 

Results are shown in Figure 1. 

As shown in Figure 1, the three stages of oxygen concenfratiqn profile ate as follows: 

1) First, there was a gradual decline in dissolved oxygen concentration redSecting the 
low solnbili^ of oxygen in the hydxogel. The sensor inter&ce was 'suffocated' by the 
bydrogeL 

2) After some time (20-90 minntes depending on concentration of poly«<AMPS) the 
concentration of oxygen started increasing- This was due to the delivery of hydrogen 
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proxid^ to the dressing/sensor jateriace and its immediate breakdown to oxygen by fke 

3) Finally, when the concentration of thjB dissolved oxygen at the dtessiug/seaasor 
interlace reached satuxatioxi the electirochemic^tl signal stabilised. Slow evolution of gas 
v/tL^ Observed nt the dresGing/aensor iutexS^^ shordy st&et. 

The time profile of the above processes observed at t*LB dressing/sr^or intcriSice was 
fornid to be dependent upon the conc^tcatiojai of poly-AMPS in ibe hydrogels. 

The duration of the hiitial decline in oxygen concencration ('sensor suffocation") increased 
with ancreaslng concentration of poly-AMPS. This was due to tUe slower generacion of 
hydrogen peroxide in the top hydrogel layer and subsequent slower difiusion of peroxide to 
the sensor intcrfece. The time required for the oxygen delivery to stoxt at the interface was 
thus longer with a more concentrated poly-AMPS hydrogel than with that using a less 
concentrated poly-AMPS hydrogeL 

The subsequent rate of the increase of oxygen concentration was higher in the case of low 

poly-AMPS concentration than with higher concentrations* This was also caused by more 

rapid generatioti of peroxide in the top gel and its more rapid diffusion towards the sensor 

interface. Complete oxygenation (Le. dissolved oxygen concentration equivalent to a 

solution equilibrated with pure gaseous oxygen) could be achieved at the dressing/sedosor 

interiSace in approximately 50 minutes following application of the tap gel layer using 20% 

poly-AMPS* in approximately 300 minutes wJng ^0% poly-AMPS and in approximately 

* 

500 minutes using 40% poly-AMPS <Fig.l). 
Example 7^ 

The ensuing composition in accordance witii the invention is a skin treatment product of 
the form shown m Figure 6 of WO 03/090800, which comprises a glucose-containing 
hydrogel slab as a lower layer of the product, and an upper layer comprising a poly-AMPS 
hydrogel that incorporates glucose oxidase. 
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The hydrogel lower layer was formulated to include the foHowing ingredients by w^igjht: 



Water (ex Fisher, distilled, de-ionised, analytical grade) 64.755 

Sddiiim AMPS (ex Lubrizol AMPS 2405 Monomer) 30.0% 

Polyethylene glycol diacrylate <PEG400 diacrylate> ex UCB C2iemieals 0,19% 
available as Ebecryl 1 1) 

l-hydroxycyclohexyl phenyl ketone (a pliotomltiator, ex Aldxicto) 0.01% 

Anhydrous glucose (enzyme substrate, ex I^isher) 5.00% 

Potassium iodide (ex Fisher) 0.05% 

Zinc L-lactate hydrate (ex Aldrich) 0. 10% 



The mixture was dispensed into casting trays containing ^diea: polyester scrim (polyester 
non-woven, open mesh support, available j&om HDK ladustries Inc, Produce Code 5722) 
or polyethylene net support* of dimensions lOOmm x lOQmm^ to a depth of about l.Smm. 
The polyethylene net support was fabricated from polyestcar staple fibres thermally bonded 
by a polyester resin - Product code 3722, ftom Castle Industries, (jxeenviDe, SC 9609, 
USA, The hydrogel was then set by irradiation wder. a UV lamp, for up to 60 seconds 
and a power ratiwg of approxiroatBly lOOmW/cm^. The hydrogel was then allowed to cool 
to30'*Corbelow^ 

The enzyme-containing hydrogel was formulated to include the following ingxedients by 
weight: 



Water (ex Fisher, distilled, de-ionised, analytical grade) 68*6% 

Sodium AMPS (ex Lufarizol AMPS 2405 Monomer) 15.0% 

Ammonium AMPS (ex Lubrizol AMPS 24 1 1 Monomer) 13-0% 
Polyefliylene glycol diactylai© (PE<3400 diacrylate, ex UCB Chemicals 0-19% 
available as Ebecryl 11) 

1-hydroxycyclohexyl phenyl ketone (a photoinitiator, ex Aldrxch) 0.01 % 

Glucose oxidase (GOX, Biocatalysts, Pontypridd. Code G575P) 0^033 % 
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Zino L-lac?tate hydrate (ex Aldrich) 1.0% 

Plutonic P65 (Wpclc; co-polymcr of ethylene o^de and proj^lene oxide^ HO- 0.15% 
fCH2CH2O]x-[CH2CHCH30]y^ECH2CH20Jy-H, average W 3400 (BASF)- 

The xaixtuTB was disipTOsed into casting frays containing polyester scrim (polyester non- 
woven, opeti ixmh support* available &om HDK Industries Inc» Product Code 5722) of 
diinaeixsiom lOOmm x lOOrom, to a depth of about l.Omtn* The hydiogel was then set, by 
irradidtion under a UV lamp^ for np to 30 seconds (typically 25 seconds)^ and a power 
rating of appro^^Siinately lOOmW/caon?. Tlie hydrogel was then allowed to cool to 30*C or 
below . 

Tlie enzyme-containing hydrogel and tb& glucose-containing hydrogel were bought 
together, one overlying the other. 

An oxygen-permeable and moi$ture-perm0able covering or overiay such as of polyurethane 
may be located over th,$ eo^yme-containing hydrogel and may be adhered to the skin by 
means of e.g, ^c^Iic ddhe;»ive provided on the lower face of the ovearlay. 

• - • 

The reaulting product was pacliaged in an oxygen-impermeable poach or enclosure, e.g. 
made of lamkiabed al^minium foil ponches as supplied by Sigma (code Z183407), 
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:GEIVED BY h 



CLAIMS 

1. A skin dressing comprising oxidoredactase enzyme lu hydrated condition in a 
hydrated hydrogel of hydrophilic polymer material, wherein hydrogel comprises at least 

25% by wdght Of tb& polym^ material. 

2. A dressing accordittg to claim 1, ft)url!her including a stiparate, second, hydrated 
hydirogel of hydrophilic polym^ xoaterlal contaiainig a source of substrate for the 
oxidoreducta^e euaiyme, the hydrogel comprising at least 25% by weight of the polymer 
mater i2i2. 



3* A dressing dCOOrduig to claim 1 or 7t^ wherein the or each hydrogel comprises at 
least 30% by weight of ihe polymer material. 



4. A drejssing according to any one of the preceding claims, wherein Hie polymer 
material comprises poly-AMPS or salts thereofc 

5. A dressing according to any one of the preceding claims^ comprising a !ow^r» skin- 
contacting layer including substrate and an upper layer including; en;&yme. 

6. A dressing according to claim 5, comprising an enzyme-containing hydrogel 
comprising 13% by weight sodiium poly-AMPS and 1S% by weight ammoninm poly- 
AMPS, and a substrate-containing hydrogel comprising 30% by iveight sodium poly- 
AMPS, 



7. A dressing according to any of the preceding claims, wherein the enzyme is glucose 

oxidase. 



8. A dressing according to claim 7 when dq)end^nt On daim 2, ^vh^rdn the substrate 
id glucose. 
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9. A dressing according to daim 8. wherein glucose constitutes 5% by weight of th& 
second hydrogeL 

10. A dressing according to eaxy df the precedixig claim$> comprisitii^ a lower, aidtir 
CDntactiug layer comprising a hydrated hydrogel compriaing 30% by w&ight sodium poly- 
AMPS and 5% by weight ghicose^ and an upp&r lay^ comprising a hydrated bydrog&l 
comprising 15% by weight sodium poly-AMPS« 15% by weight ainnxomnin poly<-AM£^S> 
and glucose oxidase. 
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ElVED BY F. 



C426.Q1/1 
ABSTRACT 

Title : jft^iw^pY^ ents in or rel ating: to skin d):essmes 

A dressing of the general fottn disclosed in WO 03/030800 comprises oxidPi9duci:a$e 
ejizymei in hydrated condition in a hyditated hydrogel of hydrophilxc polymer material, 
whereiD hydrogel comprises at least 25% by wdght of the polymer material. A currently 
pref^ed dressing comprises d lower, sidn-contacting layer compri&ijag a hydrated 
hydrogel comprising 30% by weight sodhun poly-AMPS aad 5% by weight glucose, atid 
an upper layer comprising a hydrated hydrogel comprising 15% by weight sodima poly- 
AMPS, 15% by weight ammonium poIy-AiMtPS^ and glucose o?cidase. Using I^drogeb 
with a higher concentration of polymer material is ft»und to affect the rate of oxygen 
generation and hence the oxygen concentiration profile beneath the dressing in use in a 
xnanner beneficial to wound healing. 
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